Introduction
Despite a growing awareness of the dangers of childhood overweight and obesity, there remains a lack of effective prevention and treatment [1, 2] . Although many initiatives have been attempted by health professionals, there is general acceptance that the problem cannot be solved with the currently available and applied interventions [3] . Two Cochrane reviews dealing with preventing [4] and treating [5] obesity in children addressed the current evidence for diet and exercise interventions to prevent childhood obesity. The interventions were found not to be effective [4] , and no treatment programme could be recommended in favour of another [5] . In addition, the difficulties in defining outcomes for effective interventions have made clear-cut recommendations difficult [6] . To be able to counteract the epidemic of childhood obesity and its adverse effects [3, 7, 8] , it is important to understand the parents' opinions about the weight of their children, and it is a key step in forming effective liaisons between health professionals and parents [9] . To understand whether and how mothers play out action to counteract overweight in their children -which we reported in a joint publication [10] -it would be helpful to know whether the mothers are aware of the overweight in their children. Studies from the UK [11, 12] , Italy [13] , USA [14, 15] , Canada [16] and Australia [17, 18] have shown that parents are unconcerned and unaware of their children's weight status as being overweight or obese [11] [12] [13] [14] [15] [16] [17] [18] [19] . As long as their children are active and have a healthy diet and/or good appetite, the mothers do not consider them as overweight [19] . Many mothers do not see their overweight children as being different to their peers [17] . A discrepancy between the perceived and actual weight status of Brødsgaard/Wagner/Peitersen/Poulsen/ Sørensen the children is seen where some parents are more likely to perceive their children to be underweight than to be obese [16, 20] . We investigated how the degree of the children's overweight influenced the way mothers and children assessed their own and each other's body weight. We investigated the mothers' and the children's perception of body size, how they wished it to be, and what they considered socially acceptable and attractive.
Material and Methods

Study Design and Sampling
We involved mother-child pairs recruited from the Danish National Birth Cohort (DNBC) which comprises information on exposures and other factors during pregnancy and early life that could be linked to healthrelated phenomena occurring throughout life [21] . The original cohort of 101,042 accounted for approximately 30% of all Danish pregnancies in the period of 1996-2002, enrolled from across the country by their general practitioner [22] . The women were offered 4 computer-assisted telephone interviews twice during the pregnancy (gestational weeks 15 and 30) and twice postpartum (when the children were 6 and 18 months old), with detailed information about both mother and child. A 7-year followup of the children has been conducted through a questionnaire, filled in by the parents. They were asked to register the child's latest measured height in metres and weight in kilograms. The selection of case and control mother-child pairs was based on these reports. Cases and controls were based on whether the children had developed overweight or not, regardless of the mothers weight status. When recruiting for the present study in September 2007, 11,249 children had turned 7 years of age. Cases and controls were invited for a follow-up of the mothers' and the children's current situation.
Inclusion and Exclusion in the Present Study
In total, 260 mother-child pairs were included in the analysis of the present study. Inclusion criteria were: i) the biological mothers had participated in all 5 interviews in the DNBC; ii) children were singleton term born between 1999-2000, living in Denmark within the Capital Region of Copenhagen, Zealand and Funen, representing both urban and rural areas; iii) children were categorised either as cases or controls according to the International Obesity Task Force (IOTF) reference for children, age and gender adjusted [23] , calculated from the children's reported height and weight at the 7-year follow-up; iv) cases were overweight children with body mass index (BMI) age and gender adjusted, corresponding to adult BMI ≥ 25 [23] ; and v) controls were non-overweight children with BMI age and gender adjusted, corresponding to adult BMI < 25 [23] . Exclusion criteria were: i) children with congenital diseases, malformations, syndromes or chronic diseases; ii) prepubescent children with physical signs of puberty [24] ; and iii) mothers with psychiatric diagnoses. After meeting the inclusion and exclusion criteria for the present study, 2,846 pairs were potentially eligible. The principal reason for ineligibility was that mothers had not participated in all 5 examinations. From among the eligible pairs, 471 pairs were randomly selected within candidate case and control groups. Of these, 241 pairs were invited to participate as cases and 230 as controls. Despite taking several actions to minimise withdrawal, 211 pairs withdrew due to reasons illustrated in figure 1 . In total, 307 of the 471 pairs participated in the examination (65%). Subsequently, 47 were excluded due to a change in BMI status or the onset of puberty, which resulted in 260 (55%) mother-child pairs (119 boys and 141 girls) being finally included in the analysis. Data collection took place from September 2007 to January 2009, when the children were 7-9 years old.
Examination and Interview
The investigation took the form of a 2-hour face-to-face interview and a physical examination of the mother and child. To investigate both the mothers' and children's awareness of overweight 'Body Pictograms' ( fig. 2 ) [14, [25] [26] [27] were used. Both mother and child were asked about their weight and what they wished their weight to be. Their height, weight, waist circum ference and hip circumference were all measured. Two researchers, equally trained and experienced in child and family contact, conducted the exa minations and interviews (first author 82% and project nurse 18%). Attempts were made to eliminate the possible intra-observer and interobserver discrepancy between the 2 data examiners by validation of measurements and by balancing the allocation of case and control children. Puberty stage of the children was assessed according to Tanner's stage of physical body changes regarding sexual maturation [24] . Mothers were clinically assessed for signs of depression or psychosis. The assessments were based on the researchers' competence and experience (7 and 15 years work, respectively, in paediatric intensive units with screening and identifying families with potential psychiatric diseases). Social-occupational status was based on the current or most recent job within 6 month, or if the mother was attending school, and on the type of education. The category 'high' included mothers in management jobs or in jobs requiring higher education generally more than 4 years beyond high school. 'Middle' included office workers, service workers, skilled manual workers, and 'low' included unskilled workers and unemployed mothers [28] .
Body Pictograms
Line drawings of boy/girl/man/woman figures were used in the children's and mothers' 12 ratings of body size ( fig. 2 ). They were adopted and reproduced with permission from Stunkards [27] and Rand [25, 26] , and publisher John Wiley and Sons Ltd. The ratings were classified as underweight (size 1+2), normal weight (3+4), slightly overweight (5), moderately overweight (6+7) and very overweight (8+9). Mothers and children were shown , and was carried out according to the guidelines of the Helsinki Declaration. All children and mothers were informed about the purpose and procedure, and provided oral and written informed consent. An invitation letter was sent to the mothers asking them to contact us if they wished to participate. If we received no response, the letter was re-sent and followed up by a telephone call where we asked whether they had received the letter, had any questions, and whether or not they wished to participate.
Results
Anthropometric Measures and Socioeconomic Status
The mean age for both case and control children was 8.1 years (table 1). The case children had a mean BMI that was 4.37 kg/m 2 higher, a mean waist circumference that was 12.1 cm wider, and a mean hip circumference that was 10.8 cm wider than that of the control children (all p values < 0.001) (table 1). There were no significant differences between the mothers of overweight children (MOC) and mothers of non-overweight children (MNC) with regard to age and height. MOC had significantly higher weight, BMI, waist (all p values < 0.001) and hip circumferences (p = 0.001) compared with MNC (table 1) . MOC had a lower socio-occupational status than MNC (p < 0.001).
The Children's and Mothers' Assessment of Body Size
Case and control children assessed their body size signi ficantly different from each other (p < 0.001) (table 2). However, we found 52% of the case children were not able to assess their own body size correctly when they assessed it to be normal, compared with 84% of the control children who assessed their body size to be normal and 16% who assessed it wrongly (p < 0.001) (table 3).When the children were asked how they wished their body size to be, there was less difference between the 2 groups. No significant difference between case and control children was found (table 2). The majority -84% cases and 88% controls -wished for a normal body size, and 18% cases and 8% controls wished for a body size that indicated overweight (table 4). No significant difference was found between the 2 groups regarding the most attractive boy and girl, as about 80% from each group considered the normal body size to be the most attractive. The 2 groups also agreed in their wish for the mother's body size to be normal (80%). Regarding the most socially acceptable body size, the majority also found this to be in the normal range both for children and adults, but more case children than control children found underweight to be most acceptable, both for boys, girls and women (p = 0.007, p = 0.011 and p = 0.003, respectively) (table 2).
A significant difference between MOC and MNC in their assessment of their children's body size was seen (p < 0.001) (table 5). We found 24% of MOC assess their children's body size wrongly as they assessed their overweight children to have a normal body size, where about 8% of MNC were not the line drawings of 9 body sizes, representing the children's own age and gender, without indications of the classification. Both groups were asked to choose the body size that they considered best matched their assessment of their own and each other's body size, and how they wished it to be, both for themselves and each other. Subsequently, drawings of boys, girls, men and finally women were shown. Participants were asked to choose the one they found most socially acceptable, and for the boys and girls also the one they assessed as most attractive. The pictograms used for assessing current, desired and ideal body size of children and adults have been reliability tested in other studies. Rand and Resnick [26] found a test-retest agreement of 75% for children and 73% for adults, and thus considered validity and reliability for the body pictograms to be good.
Anthropometric Measures
Body height was measured to the nearest mm and body weight to the nearest 100 g, determined by standard anthropometric methods [29] using a measuring rod mounted on the wall where the exact measurement gave a result of +/-2 mm. A digital column scale weight was used to measure the subject without shoes and wearing light clothing [29] . BMI was calculated (kg/m 2 ) and classified as underweight, normal weight, overweight and obese, according to the IOTF reference for children, with adjustment for age and gender using the internationally standardised age-and sexspecific metric proposed by Cole et al. [23] . Waist circumference was measured directly on the skin to within 1 mm, using plastic measuring tapes where the waist was midway between the lowest rib and the iliac crest, with the subject standing and at the end of gentle expiration [29] . Hip circumference was measured at the greater trochanters to the nearest mm [30] . The anthropometric device was checked every day before use.
Statistical Analysis
Descriptive statistics for the variables of interest were calculated for each group. Means and standard deviations were determined where appropriate, and a threshold for statistical significance was set a priori at 0.05 and with 95% confidence intervals. The Pearson chi-square test and Fisher's exact test was used to test for differences between the categorical variables. A t-test for unpaired data was used to test for differences between cases' and controls' assessment of body size. The statistical analyses were performed in SPSS software version 16.0/17.0 (SPSS Inc., Chicago, IL, USA). Brødsgaard/Wagner/Peitersen/Poulsen/ Sørensen to be the most attractive, both for boys and girls, but more MOC than MNC found overweight among boys to be the most attractive (p = 0.006) (table 5). Mothers' assessment of the most socially acceptable boy and girl showed that the majority from both groups preferred the normal body size. The same was found when the mothers assessed the most socially acceptable man and woman. When the mothers assessed their own body size, a difference between the 2 groups was found able to assess their children's body size correctly (p = 0.0003) (table 3).The majority of mothers wished for their children to have a normal body size, but 18% of MOC and 8% of MNC wished their children to have a body size that equated to overweight (p = 0.0133) (table 4).
Ethics
More MOC (67%) than MNC (49%) correctly considered themselves to have an overweight body size (p < 0.001). The majority of mothers from both groups found normal body size (table 6) . MOC assessed the children's weight to be normal, and not overweight. In comparison, about 22% of MNC assessed their children's weight to be a little underweight. However, 13% of these children actually were underweight, and 9% were normal weight. This indicates that some mothers regardless of the weight status of their children tend to assess their children as thinner than they actually are, and more so for the MOC.
When it came to the way the mothers wished their children's weight to be, more MOC than MNC wished that their children weighed less (54 vs. 6%; p < 0.001) (table 7). Moreover 20% of MNC wished their children to weigh more. Many children in (p < 0.001) (table 5), but not when it came to their assessment of how they wished it to be. The majority wished for a normal body size.
The Children's and Mothers' Assessment and Expectation of
Children's Weight MOC and MNC gave an estimate of their children's weight. Overall, a positive correlation (r = 0.81 and r = 0.82, respectively) was seen between the mothers' estimated weight of the children and the children's measured weight at examination (p = 0.01). However, compared to 5% of MNC, about 25% of MOC assessed their children's weight wrongly (p < 0.0001) 20 (18) 12 (8) 20 (18) 12 (8) Brødsgaard/Wagner/Peitersen/Poulsen/ Sørensen psychical or social factors [33] . It could also be that it is just very difficult to make an objective assessment of ones own children. The lack of maternal awareness emphasizes the importance for the health professionals to draw the mothers' attention to the children's beginning overweight. A key finding in our study is that the majority of both case and control children wished they had a normal body size and weight. However, the overweight children preferred to a higher degree the underweight body size. This could be due to socio-cultural attractiveness and acceptance of overweight. Increased stigmatization of obesity [34] or decreased healthrelated quality of life [35] perhaps experienced by themselves might also have contributed.
The majority of MOC and MNC also wished their children to have a normal body size. Such wishes could be founded in the mothers' possible knowledge about overweight in childhood often being tracked into adolescence and adulthood [36] as well as the increased risk of co-morbidities both in childhood and adulthood [1, 37] . The mothers may fear that their children are feeling lonely [38] , being bullied [39] or humiliated [40] . On the other hand studies found that many mothers did not report any concerns about their overweight children [16, 19] . Some 54% of MOC wished for a lesser weight in their children compared to 6% of MNC. However, this contradicts the fact that many MOC have not recognized the overweight in their children. In this present study, we cannot distinguish between mothers' difficulties in assessing their children's body size, mothers' unawareness of their children's overweight, and mothers' active suppression of the problem.
Some 18% of MOC wished their children to have an overweight body size. We have no explanation for this, but one reason could be that those families have another standard for normal body size. In accordance with the wishes about body size and weight, the majority of both case and control children and their mothers found a normal body size for boys and girls to be the most attractive, although MOC more than MNC found overweight among boys to be the most attractive. Campbell et al. [17] found that overweight daughters were more likely to elicit maternal concern about current weight than overweight sons.
The MOC and the MNC identified a normal body size for both children and adults to be the most socially acceptable. The participants' perception of what they assumed to be an both groups had no idea about their own weight, or weight in general. Those who had been measured before, e.g. weighed in school, were aware of their own weight. When the children were asked about their wishes for their own weight, the case children wished to a greater extent than the control children that their weight was lower (54 vs. 22%; p < 0.001) (table 7) .
Both MOC and MNC had a very good idea of their own weight; a positive correlation (r = 0.99 and r = 0.98, respectively) between mothers' estimated weight and measured weight was found (p = 0.01). They were mostly not satisfied with their own weight and wished for their weight to be lower.
Discussion
The study showed that the overweight children were less able to correctly assess their own body size than were the control children. Compared to 16% in the control group, 52% of the case children assessed their body size wrongly. The case children found their body size not to be overweight but normal. This could be explained by their developmental immaturity, or by the fact that their attention had not yet been drawn to their own body and they were therefore not able to correctly assess their own body size. MOC were also less able to correctly assess their children's body size, as opposed to MNC. This finding is in agreement with several other studies showing that mothers were not aware of, or did not acknowledge, their children's body size, weight status or BMI to be above the recommended levels [12, 15, 16, 19, 31] . This unawareness could be due to the mothers being unconcerned about their children's weight [12] , parental neglect of the child [32] at the same time as their status as cases or controls in terms of their body weight. Therefore, we cannot interpret the differences between the groups in awareness and expectation as features that may have preceded and possibly caused the development of the case status. However, a recent review of multiple risk factors of weight gain in childhood suggested that parents' misperception of their children's weight may be a risk factor on its own [44] . It may be worth addressing, both clinically and in future research, parental awareness of the children's weight, including questions about physical limitations and teasing of children, instead of addressing weight focus alone as suggested by Jain et al. [19] . Furthermore, parental awareness should be addressed early in the children's lives, as we found the differences between cases and controls to exist as early as age 7-9. When mothers fail to recognise the overweight status of their children, primary health care nurses and doctors in charge of the children's health, including specialised paediatricians, may help these parents to correct their misperception [45] . On this background, the findings in our study should be considered as a benchmark from which to look to the future management of the obesity problem in childhood.
In conclusion, we have shown that both case children and case mothers display increased uncertainty in correctly assessing their overweight and obese children. The perception of normal body size is not distorted, as both case and control children and their mothers mainly wish for a normal body size and mainly found others with a normal body size to be the most attractive and socially acceptable.
attractive and socially acceptable body size corresponded to the normal body size. This is in contrast to some studies suggesting that the rise of obesity in society makes it more likely that a bigger body size will be preferred [12] . Thus, the MOC and the MNC do not have a distorted perception of normal body size.
Limitations and Strengths
The DNBC included about one third of all pregnant women, and those who participated could be the more resourceful families, especially among families with obesity problems. This implies that our findings may be conservative estimates of the differences between the case and control groups. The same bias could have arisen due to the selection requirement that mothers must have been followed over more than 8 years with several surveys. The DNBC required that the mothers could speak Danish, so very few families with an ethnicity other than Danish were included, which could also have made the differences between case and control group smaller.
Although preliminary results from an ongoing validation study of the offspring's BMI in a sub-sample of the cohort showed that the data generally could be considered to be without systematic errors (C.S. Andersen, unpublished data). The subsequent measurement of the children in the present study showed the well-known tendency to underreport body weight among the more obese segment of the population, also regarding mothers' reports on their children's body weight [41] [42] [43] . Therefore, the selection of the case mother-child pairs in particular may not exactly cover the possible case group in the underlying population. Since we selected from the tail of the distribution of reported BMI, the most likely bias due to this problem is that the actual case group is somewhat more overweight than it would have been. On the other hand, the exclusion of 47 (15%) informants -39 cases and 8 controls -from the analysis due to status change from belonging to the primarily selected case and control groups suggests that the children had in fact changed their weight during the time between recruitment from the DNBC to examination.
All 3 groups of socio-occupational status were represented in both groups, but with fewest participants exhibiting a low socio-occupational status which is the group most at risk of obesity in the industrialised countries [1] . However, whether this difference in itself -i.e. independent of MOC and MNC status -plays a role in the relationships investigated here, is beyond the scope of the present study.
Perspectives
The study design was a cross-sectional case-control design, where we investigated the mothers' and children's perception
